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Summary 
 
This paper examines construction companies' project selection decisions, with particular 
reference to the bid/no bid decision, from a portfolio theoretic viewpoint.  A method is proposed 
by which objective decisions may be made considering the risks involved.  An illustration is 
provided with 'live' bidding data. 
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Introduction 
 
At any one time within a construction company there are contracts which are being undertaken 
and contracts which are being sought, usually in a competitive environment.  Not all contracts 
are attractive,  "Contractors do not always bid for every job that comes along ... rather they 
usually select from a continually changing array of potential projects" (Odusote and Fellows, 
1992).  However, because of the fluidity of the construction process, there are difficulties in 
objectively assessing the attractiveness of a contract and its potential contribution to company 
activities. 
 
Here we consider the problem in terms of portfolio theory.  The 'securities' of construction 
companies are their existing construction contracts.  These have a finite life and, even though 
each may be profitable in its time, they have to be released at the end of the construction period. 
 Company want to put strong resources into those types of contracts that are perceived as being 
profitable and phase down or even reject those that in which the risks of not being profiatble 
uare high.  Portfolio theory is aimed at minimising the risks to a company as a whole, taking 
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into account its existing activities and potential activities.  Portfolio analysis applied to 
construction, it is argued, should provide a model which will identify the key issues and aid 
construction companies in the achievement of a balanced programme of work.  This paper 
develops such a model by including measures of the risks involved in assessing the desirability 
of potential contracts in relation to a company's existing 'portfolio' of contracts.  An illustration 
is also provided of its use in selecting from three candidate contracts. 
 
 
Basic Portfolio Theory 
 
Portfolio theory was born in 1952 with the publication of a fifteen page paper by a graduate 
student of the University of Chicago, Harry Markowitz, simply entitled "Portfolio Selection".  
Markowitz's mean variance analysis quantified what investors already knew; that there was a 
trade-off between the expected return - also called mean return - of a portfolio and its risk - 
called variance of return.  Calculating the expected returns of various portfolios is 
straightforward.  Calculating variance is the tricky part.  Markowitz demonstrated how the 
variance of a portfolio is mathematically related to the variance of each stock compared with 
that of every other stock.  Markowitz (1959) wrote "A security adds much or little to the 
variability of a portfolio, not according to the size of its own variance, but according to the sum 
of all its covariances with the other securities in the portfolio".  In practice what this means is 
that by adding 'risky' stock to a portfolio you may actually make it safer. 
 
Mean-variance analysis tells an investor which portfolios are 'efficient', but not necessarily 
which to select.  An efficient portfolio is one that provides a high return for a given level of risk, 
or conversely provides a low risk for a given return.  It is up to the individual investor to decide 
on the trade-off.  Now that Markowitz's mean-variance analysis has come to be accepted he has 
moved his research into other problem areas, Markowitz (1987), examining new problems. 
 
For construction companies, the portfolio concept can have at least two meanings.  Firstly the 
organisation's construction stock can be regarded as one factor of production which has 
synergistic effects with labour, other physical assets, information and entrepreneurial skill.  
Secondly each project can be regarded as an individual profit centre.  Figure 1 gives a simplified 
view of the situation relating to construction in which there are many complex relationships.  
The main objective of portfolio management is to adjust asset portfolios by quality and quantity 
to achieve strategic organisational goals.  Decisions to expand, diminish, alter the use, etc., of 
the portfolio should fit the mission of the company and agree with the strategic organisational 
goals. 
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Within the strategic management framework of a construction company the firms mission, as 
the goals and the strategies, have to be continually reformulated given signals from a control 
system that checks and evaluates both internal and external information.  This strategic decision 
process requires external information of technical, legal, political and economic content.  Such 
information collected from different sources is often ill-structured and used in decision 
situations where the value of information is hard to quantify.  Construction companies need to 
evaluate bid enquiries in terms of both the resources needed to produce an effective bid and how 
a prospective project will fit into the overall portfolio of projects being undertaken at any one 
time.  This suggests that there is a fundamental framework within which construction 
companies can effectively combine projects to optimise risks and returns. 
 
Decisions are made under conditions of risk.  The basic theory to be explored here involves the 
notion that the risk contained in any single project held in isolation is greater than the risk 
contribution of that project when incorporated into a portfolio of such projects. 
 
 
The Kangari and Riggs Model 
 
Kangari and Riggs (1988) defined a portfolio of construction projects as a combination of two 
or more project investments and that the analysis of this portfolio of construction projects 
required the characteristics of any project to be evaluated in terms of (1) expected returns, (2) 
risks, measured by standard deviation of returns, and (3) correlation amongst the projects, 
measured by the coefficient of correlation. 
 
Francis and Archer (1979) expressed the expected return of a portfolio as the weighted average 
return of all projects in the portfolio as: 
 
 
Where E[Rp] is the expected return of a portfolio, wi is the weight factor for project i, E[Ri] is 
the expected return for project i, and n is the total number of projects in the portfolio. 
 
Hagin (1979) expressed the standard deviation of returns (the statistical measure of the 
dispersion of returns around the expected value) as: 
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Where σp is the standard deviation of the portfolio, σi and σj are the standard deviations of 
projects i and j, and rij is the correlation coefficient between projects i and j. 
 
Kangari and Riggs (1988) suggest that because construction projects provide a single rate of 
return which is not sufficient for risk analysis one solution is to estimate pessimistic and 
optimistic cash flows which will provide an upper and lower value for the rate of return.  Thus 
the standard deviation can be estimated as: 
 
 
 
Where σi is the standard deviation of the rate of return of project i, E[Ri]o and E[Ri]p are the 
optimistic and pessimistic rates of return of project i respectively.  It may of course be argued 
that such an estimation based on two extreme values is not an accurate approach. 
 
Risk for construction projects unlike securities must be based solely on an assessment of the 
future.  A probabilistic model requires certain information as follows: 
 
oThe factors which may cause variation in a project's rate of return 
 
o A weighted factor based on their level of importance 
 
oA division of the factors into outcomes 
 
oThe probability associated with each outcome 
 
oThe expected variation in rate of return of the new project caused by the uncertain events 
 
oThe probability of outcome of the existing portfolio 
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oThe variation in rate of return of the existing portfolio 
 
 
Application to Bid / No Bid Decision 
 
Eastham's (1986) research identified nineteen factors perceived by contractors' estimators to 
influence the decision to tender (Table 1).  With the aid of two regional construction companies, 
a longitudinal study was undertaken to determine the degree of influence of each factor 
measured on a scale of -5 (highly undesirable) to +5 (highly desitable). 
 
Table 2 gives an illustration of an existing portfolio of construction projects being undertaken at 
one time.  There are 5 projects already in the portfolio.  For each project the decision effect 
score made by the contractor is given for each influencing factor.  The arithmetic mean of these 
scores is shown for each factor.  Ideally, all scores on all the factors, and hence the means, 
should be 5 indicating that the contracts in the portfolio are all highly desirable on all criteria.  
The reality of course is that the scores are somewhat less than ideal, but hopefully still desirable 
to some degree (ie not less than zero scores) on average.  A glance at the 'mean' column shows 
that this is the case in this example. 
 
The next question is 'how accurate are the scores likely to be?'.  Bearing in mind that these 
scores are made at pretender stage, the real desirability of the contract will not be known until 
some later stage.  Data collected over a period of time indicates the difference between the 
factor estimates and actual values when they became known, in terms of standard deviations of 
errors.  This historical information is shown in the next column.  Assuming that the decision 
maker wishes to minimise the risk that the desirability will eventually turn out to be less than 
zero, we can estimate the probability that the mean value will be less than zero by first 
standardising by dividing by the standard deviation of the error and then looking up the 
probability the resulting value is less than zero in tables of the normal distribution.  This figure 
is given in the column entitled 'probabaility factor' of the Table.  Assuming each factor is 
equally important to the decision maker, we can sum these probabilities to give a score for the 
whole portfolio, 1.346 in this case, an average of 0.0709 over the 19 variables.  This is then 
weighted by the amount of importance attached to the variable by the decision maker to give the 
weighted total in the final column.  These weighted total are added and averaged to give a 
measure of the riskiness of the portfolio of contracts (0.????? in this case) 
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Table 3 gives the situation where a contract (contract A) is being considered for inclusion within 
the portfolio and the decision affect scores have been estimated for each factor for the new 
project.  Now by recalculating the mean, standardising and weighting as before and finding the 
new probabilities of the increased portfolio, we now get a new portfolio score.  This is larger 
than the original portfolio score and therefore detrimental to the overall portfolio.  Tables 4 and 
5 show the effect of adding alternative contracts to the portfolio.  Clearly, the new project 3 is to 
be preferred as this is the only project which improves the overall portfolio score. 
 
Table 6 summarises the results of considering all permutations of the three new contracts into 
the portfolio in rank order of preferrence.  Interestingly, once contract 3 has been selected, it 
would be beneficial in terms of the original portfolio score to also add new contract 2 to the 
portfolio. 
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 Table 1 : Factors and definitions 
 
Factor Definition 
Type and size of job What type of work is ie? E.g. school, office, warehouse, 
etc.  Is it a large or small job? 
Value of work What is the estimated value of the work? 
Type of project What type of project is it? E.g.Design and build, traditional, 
open or selective competition. 
Contract arrangements Are the contractual arrangements suitable? 
Location Where is it? Is it within our operating area? 
Do we want the job The degree to which we want the job? How critical is our 
need? 
Required workload Does the project meet our achievable target for volume of 
work at any one time? 
Continuity of work Does the project meet our requirements for continuity of 
workforce? 
Company politics Are there any overriding reasons within the company for 
either bidding or not bidding? 
Timing Is the project at the right time to meet our requirements? 
Management resources Do we have the right senior management available? 
Supervisory staff Do we have the right site staff available? 
Subcontractors Is the split between subcontractors' work and our own 
acceptable? 
Material availability Are all the materials available? 
Tender period Is the tender period adequate? 
Previous success How successful have we been with previous bids? 
Pricing resources Availability of estimators. 
Competition Who are the competition? Have we competed against them 
before? How successful?  
Feedback Is there any feedback available for this set of 
circumstances.  
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Conclusions 
 
The existance of correlation between projects is vital as the proper selection of a project.  The 
variability of a firmscash flow can be reduced by diversification of risk.  Clearly this is a big 
issue for construction companies who have only one product, a constructed entity.  Project risk 
is the uncertainty caused by the events which are unique to any one project and include such 
things as management resources, location, type of project, materials, subcontractors, etc.   This 
risk may, therefore, be diversified by selecting different types of projects at different locations 
for different clients. 
 
The use of portfolio analysis is likely to be of some assistance in selection decsions of this 
nature.  A portfolio analysis should be based on criteria which serve as a guide to the important 
and unimportant, the relevant and the irrelevant.  The proper choice among efficient portfolios 
depends on the willingness and ability of the investor to assume risk.  Applying portfolio theory 
to stock analysis allows diversification of risks possibly with the exception of economic risk.  It 
is not possible for a contractor to completely diversify any portfolio of projects because they are 
all within one industry, that of construction.  It can be argued, therefore, that the only risk which 
can be substantially reduced is that risk associated with each project. 
 
By using Kangari and Rigg's (1988) probabilistic approach and applying the concept of project 
decision effect scores associated with measureable variability in an existing portfolio of projects 
it is possible to produce a measure which describes the efficiency of combining a proposed 
project with an existing portfolio.  Thus it is possible to describe a model which identifies the 
key decision issues and produces a guide as to the desireability of adding any project to an 
existing portfolio. 
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